Thin specimens of cellular plastic insulations are used in thermal resistance and gas diffusion property measurements. It is known that several cells on the surfaces of the test specimens are destroyed during specimen preparation. Hence the effective thickness of the test specimen differs from the geometrical thickness and proper corrections are to be made for the thickness of the destroyed surface layers before other properties are calculated. This note presents an apparatus, its operating principles and an experimental procedure to determine the thickness of destroyed surface layers of cellular plastic insulation test specimens.
INTRODUCTION
T THE INSTITUTE for Research in Construction, investigations on the long-term thermal performance of spray foam insulations have resulted in a test methodology [1] [2] [3] that involves thermal testing of thin slices of foam products. In this methodology, foam samples of 50 or 100 mm thickness are sliced into several thinner, 5 or 10 mm thick, specimens and tested simultaneously in heat flow meter apparatuses. To use the information from the heat flow meter apparatus for subsequently predicting the long term behavior of the original foam sample, one has to know the effective diffusion thickness across the test specimens. This thickness differs from the geometrical thickness because during the slicing process several cells on the surface JOURNAL OF THERMAL INSULATION I ~)liiiiit, 15-jiiiii,ii y 1992 0148-8287/92/03 0? 17-09 S06 00/0 &copy;199? T cd1l1oll11t Pubh>hmg Co , 11l( layer are damaged. Hence an apparatus was developed [4] to estimate the thickness of the destroyed surface layer. This note describes the pressurevolume relations that form the basis of the measurements and presents a brief description of the apparatus, the methods for calibration and a few test results. The test results are included only to introduce the experimental procedure and hence they will not be interpreted. THE PRESSURE VOLUME RELATIONS Assume that two volumes Vl and V, are separated through a valve and filled with a gas at pressure Po at the same temperature T. Now let us introduce a solid material of volume V within V2 and increase the pressure in the volume V, to P, by introducing more of the gas. Next, let us open the valve between V, and V2 and let the pressure of the gas attain the uniform value Pf. All these are done under isothermal conditions. These steps are shown schematically in Figure 1 . (2), if the volumes Vl and VZ are known and if the quantities PI and P, are measured, the volume V of the solid can be calculated; if the solid material used in these measurements happens to be a specimen of a cellular plastic insulation, V corresponds to the volume occupied by closed cells in the solid matrix. The measurements can be carried out rather quickly for a relatively low value (100 Pa) for PI and hence any effect due to gas diffusion into the specimen becomes negligible. THE 
APPARATUS
The experimental setup in which the above relation is applied is shown schematically in Figure 2 . It consists of two cylindrical chambers, called the source chamber (C1) and the specimen chamber (C2), connected through copper tubing, but separated by a toggle valve (T2). The specimen chamber has a removable lid which can be screwed on to the cylinder air tight; an Oring, placed in a groove between the lid and the cylinder provides a good seal. The copper tubing, on the source chamber side, carries a calibrated differential pressure transducer (DP) together with a digital read-out system. The source chamber is provided with an additional valve (Tl).
The volume between Tl and T2, inclusive of the connections to the pressul, transducer, corresponds to Vl in Equation (1) and the volume of C2 up to T2 corresponds to V2. z EXPERIMENTAL PROCEDURE
In any set of measurements the steps listed below are followed.
1. The digital read-out system on the pressure transducer, DP, is turned on. 2. The lid of the specimen chamber, C2, is opened. 3 . The specimen of effective volume V is placed in the specimen chamber. 4 . The lid of the specimen chamber is put back and all the screws on the lid are tightened. 5. The valves Tl and T2 are opened to leave the setup open to atmosphere.
Then the digital read-out should show 0; in other words the initial uniform pressure Po equals to atmospheric pressure. 6. The valve T2 is closed. The digital read-out still should show 0. (For protection to DP transducer Tl should also be closed.) 7. The gas (oxygen, nitrogen or air) is admitted from a gas cylinder into the source chamber Cl, by very slowly opening Tl to get a reading in the vicinity of 100.0 Pa on the digital read-out. Tl is closed. The read-out, once a steady value, Pal, is attained, is recorded. 8. T2 is opened and the new steady value, P,, from the read-out is recorded. 9. The operations from step 5 to 8 are repeated at least five times. (A threeway valve between Tl and the gas cylinder makes the repetition easier.)
CALIBRATION OF THE APPARATUS
The calibration involves the determination of the volumes V, and V, in Equations (1) and (2) . It is better to do this calibration after the assembly of the equipment is complete rather than to determine each volume element separately before assembly, as was done earlier [4] . This is a rather straight forward measurment.
Two metallic discs were machined and from direct measurements their volumes were determined to be 250.3 cm' and 432.3 cm3. These discs are referred to as the brass disc and aluminum disc respectively. The discs, one at a time, were placed in the specimen chamber and the ratio (P, -P2)/P2 was determined for each using the experimental procedure described above. The results from these measurements are listed in Table 1 .
Substitution of these ratios and the directly measured volumes of the discs in Equation ( 2) results in two simultaneous equations which were solved for the volumes V, and V2. For the apparatus at the Institute for Research in Construction these volumes are 954.8 cm3 and 623.2 cm' respectively. The error in these measurements is estimated to be less than 1 %.
DETERMINATION OF THE THICKNESS OF THE DESTROYED SURFACE LAYER OF CELLULAR PLASTIC TEST SPECIMENS
Four samples of cellular plastic insulations were chosen for the measurements. These were: 0 an extruded polystyrene foam Table 1 . Experimental results from the calibration measurements. a polyurethane spray foam a polyisocyanurate foam and a phenolic foam These samples were sliced to give layers of approximate thickness of 5 mm in the same way specimens are prepared for thermal resistance testing. From these slices three or four circular specimens (diameter approximately equal to 15 cm) were cut. The edge of each specimen was coated with an epoxy resin to make the edge impermeable to the test gas (sealing of the edge is particularly important if the specimens are to be subsequently used for gas diffusion measurements; if the edge is not coated, then the surface area of the specimens due to the exposed edges are to be included in the calculation of the thickness of the destroyed surface layer). Their geometrical volumes were determined by direct measurements of thickness and diameter. They were then arranged as a stack to be placed in the specimen chamber of the pressure-volume apparatus. The effective volume of the stack of specimens was then determined according to the procedure described above. The results from such measurements on the specimens from the four samples are listed in Table 2 .
From the value of (Pi -PZ) lP2, the effective volume of each stack was calculated according to Equation (2) . The geometrical volume being known, the volume of the destroyed surface layer was calculated as the difference between the geometrical volume and the effective volume. This difference divided by the total surface area of all the specimens (excluding the edge) gave the thickness of the destroyed surface layer. These results are summarized in Table 3 .
CONCLUDING REMARKS
The principle used here is well known and is applied in commercial air pyknometers. The main differences between such commercial instruments and the procedure presented here are in the size of the test specimens used and the magnitude of the pressure applied. While commercial equipment uses (2.5 cm)3, in the apparatus described here, the size of test specimens is comparable to those used in thermal resistance tests-especially the surface area involved in the two types of measurements. The pressure applied is about 100 Pa, whereas in commercial pyknometers it is of the order of 50 kPa. Construction, installation and calibration of the apparatus as well as measurements involve only basic technical skills and hence can be easily adapted in any industrial laboratory.
Though it is associated with slicing and thermal testing, the apparatus finds application in gas diffusion measurements [4] . It can also be used to in- Table 2 . Experimental data on the specimens of cellular plastic insulations. Table 3 . Thickness of destroyed surface layer (TDSL). vestigate the damage done to the cellular structure during specimen preparation or as the foam ages or as the foam is subjected to various exposures such as high temperature or humidity and thermal gradients. ' 
